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Introdution
The State-Wide Rural Well-Water

Survey addresses two questions: What
proportion of private rural wells in Iowa
are affected by various environmental
contaminants? What proportion of rural
Iowa residents are using well water con-
taining these environmental contami-
nants? Results of the survey provide, for
the first time, statistically valid statewide
estimates of the extent of groundwater
contamination in rural private wells. De-
tails of the design and operation of the
survey are reported elsewhere.'

The drinking water standard for ni-
trate was set primarily to prevent infant
cyanosis, or methemoglobinemia (blue-
baby syndrome), a temporary blood dis-
order that reduces the ability ofan infant's
bloodstream to carry oxygen through the
body.2 Acute and fatal incidents of meth-
emoglobinemia have been reported in the
past in Iowa,3 and recently in South Da-
kota.4

There are also growing concerns re-
lated to long-term and chronic exposure to
nitrate alone and in combination with other
contaminants. Subclinical methemoglobin-
emia, which still removes oxygen from the
system of a developing infant, could have
subtle, long-term developmental or neuro-
logical effects.5 Some evidence exists from
epidemiological studies that high nitrate in-
gestion is involved in the etiology ofhuman
cancer.6,7 High nitrate levels in groundwa-
ter have been associated with increased
rates ofnon-Hodglin's lymphoma in a Ne-
braska study.8 An Australian epidemiolog-
ical study associated high nitrate in drink-
ing water with increased birth defects,9
while a follow-up study with pregnant rats
did not identify a teratogenic agent in the
same water.10 A Canadian case-control
study11 suggested a moderate, but not sig-
nificant, increase in risk for central nervous
system birth defects. While these and other
studies have been suggestive, results have
been equivocal and inconsistent among dif-
ferent studies. TheUS Environmental Pro-
tection Agency has indicated that there is
insufficient information currently available
to determine whether or not nitrate causes
cancer in humans. The current drinking

water standard and health advisory level of
10 mg/LNO3-N (equivalent to 10 parts per
million N03-N or 45 parts per million NO3)
is based only on the noncancer health ef-
fects related to infantile methemoglobine-
mia.

Much of adults' nitrate intake may
come from their diet, particularly green
vegetables. With children, water intake is
proportionately much more important,
and often the dominant input.

An important public health consider-
ation is that private, rural well-water sup-
plies used by most farm families and rural
populations are not regulated by any pub-
lic health or environmental agency. Public
water supplies are routinely monitored for
nitrate levels, and whenever these sup-
plies exceed the nitrate standard, public
notification via broadcast and print media
is required. However, similar water test-
ing programs and warnings are not typi-
cally provided for rural populations using
private wells.

Metod
The State-Wide Rural Well-Water

Survey was conducted between April
1988 and June 1989 to provide a statisti-
cally valid assessment ofthe proportion of
private, rural wells and rural Iowa resi-
dents affected by various environmental
contaminants. The survey involved a sys-
tematic sample stratified by rural popula-
tion density. The results are likely repre-
sentative of conditions in other rural areas
with intensive agricultural production.
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A sampling grid was constructed
from the intersection ofevery5 minutes of
latitude and longitude within the state.
This grid provided a systematic frame-
work across the state, unaffected by any

external bias. The sample scheme was

then stratified by the rural population den-
sity of each county. The driwater
well closest to each chosen intersection
was selected as the target for sampling. In
this fashion, 686 samples were collected,
some from each county in the state.

ResWt
Low concentrations of nitrate occur

naturally in some uncontaminated ground-
water. Concentrations over3 mg/Lnitrate-
nitogen are usually considered indicative
of anthropogenic pollution.12 The natural
background concentration in groundwater
aquifers in Iowa is typically less than 2
mgfLNO3-N, and is often less than 1 mg/L
NO3-N.13-15 Higherconcentrations in Iowa
indicate a degree of pollution related to ag-

ricultural practices, ferdlizer use, manure,

septic tankwastes, sewage sludge, or other
sources.

Assummaridin Tables I and 2, the
survey results clearly indicate widespread
contamination of groundwater with ni-
trate. Approximately 18.3% of Iowa's pri-
vate, rural drinking-water wells contain
nitrate at concentrations exceeding the
recommended health advisory level. Thir-
ty-five percent ofwells less than 15m deep
exceed 10 mg/L N03-N; in fact, the mean
concentration for these wells is over 10
mg/L. As shown in Figure 1, approxi-

mately 30%o of all wells in southern and
western Iowa exceed the health advisory
level, reaching a maximum of 38% in
northwestern Iowa. Regionalvariations in
nitrate contamination are significant.

The survey was designed to allow a

population exposure estimate to be made.
Based on 1980 census data, about 130 000
mrual Iowa residents (or about 17.9% ofthe
rural population) are consuming drinking
water with unacceptably high concentra-
tions of nitrate. The population percent-
age is slightly less than the percentage of
contaminated wells cited earlier because
some of the participants used rural water
districtwater supplies, and not theirwells,
for their primary d -r-ig water.

Individually, N03-N levels greater
than 10 mg/L occurred alone in about 4%
of the water supplies statewide; pesticides
were present alone in about 5%. Total col-
iform positives occurred alone at 27% of
the sites, representing over 60% of the to-
tal coliform positives. In a cumulative

sense, these three contaminants, individ-
ually or in combination, were detected in

nearly55% of rural privatewater supplies.
If fecal coliform occurrences are used in
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Iowa: 18.3%

FIGURE 1-Iowa stateide aveage and regoWnal p of privete ral well that
exceed 10 mg/L N03-N, the health level for nibt*.
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lieu of total coliforms, this figure de-
creases to about 30% of well-water sup-
plies. No sites with fecal coliforms had
pesticide detections, and only about 2.5%
were positive for both fecal colifonns and
levels ofN03-N greater than 10 mg/L. De-
tailed discussions of other water quality
tests conducted for the survey are pro-
vided elsewhere.16

Discussion
We calculated the mean concentra-

tions for nitrate, presented in Table 1, us-
ing all samples (i.e., those samples pro-
viding results lower than the detection
limits were set equal to zero). This pro-
duces a considerably lower value than a
mean calculated from the quantifiable de-
tections. It also results in avery large stan-
dard deviation, with values actually
greater than the mean.

The University Hygienic Labora-
tory, Iowa's state environmental labora-
tory, analyzes about 10 000 to 12 000 sam-
ples per year for nitrate; most of these
samples are taken from private drinking-
waterwells. Throughout the 1980s, results
from these analyses consistently indicated
that more than 15% of all samples, and
15% to 24% ofwell samples, exceeded the
recommended health advisory level for ni-
trate.

To reiterate, the concern with nitrate
contamination in Iowa, and more gener-
ally for many agricultural regions, is not
that the problem was unknown until re-
cent years or that high concentrations
were not present locally. The problem is
manifested in the regional increases in
concentrations and the extension of
greater concentrations to depth in ground-
water systems. Nitrate has become a
nearly ubiquitous contaminant in the shal-
low groundwater system.

Considerable monitoring has been
undertaken in other states and agricultural
regions of the world.17-20 In Nebraska, a
regional study of451 farmwells found that
8% had levels of N03-N greater than 10
mg/L; 4% showed pesticide detections. A
Kansas statewide survey of 104 wells
found that 28% had N03-N levels greater
than 10 mg/L, and 9% showed pesticide
detections. These findings are comparable
to the present survey data.

Condclusion
Health care professionals working in

rural areas should recognize that private
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drinking-water wells frequently contain
one or more environmental contaminants.
Well-water contamination is more com-
mon and more serious today than it was a
decade ago. Shallow wells that were con-
structed several years ago may have
tested safe initially but may now contain
greater concentrations or even unsafe lev-
els of nitrate or other environmental con-
taminants.

Normal prenatal care for rural pa-
tients should include a recommendation to
have private wells tested for nitrate. If ex-
cess nitrate concentration is determined,
the well water should not be used in pre-
paring infant formula or otherwise con-
sumed by infants, particularly those less
than 6 months of age. Boiling of water
contaminated with nitrate is not effective
and, in fact, actually increases the con-
centration of nitrate because of evapora-
tion.

In Iowa, agricultural application of
nitrogen (commercial fertilizer and live-
stockmanure disposal) is the major source
of environmental nitrate contamination.21
Additional efforts are needed to substan-
tiate the relationship between reduced fer-
tilizer usage and improved groundwater
quality. Finally, groundwater protection
strategies, such as sustainable agriculture
practices, should be considered as part of
a national policy to prevent groundwater
contamination. El
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